Identification of membrane transport processes in renal cells, by means of liquid ion exchanger microelectrodes.
The development of liquid-ion-exchanger microelectrodes displaying tip diameters less than or equal to 1 micron has permitted direct measurement of the transmembrane chemical and electrochemical gradients of several permeant ion species in cells of small size. We have used Cl- and H+ resins to study the intracellular Cl- activity (alpha iCl) and cell pH (pHi) in the proximal tubule of Necturus kidney. These determinations were performed in association with perfusion of peritubular capillaries by several artificial solutions, in order to assess the dependence of alpha iCl and pHi on the composition of physiologic plasma constituents and selected inhibitors. The main findings are: Intracellular chloride activity, alpha iCl, is higher than the theoretical value predicted from electrochemical equilibrium. Peritubular application of SITS resulted in a decrease of alpha iCl and increase of pHi; these observations are taken to indicate that Cl- uptake is achieved across the basolateral membrane in exchange for HCO-3 by a mechanism sensitive to SITS. Na+ removal from peritubular fluid elicited a small reduction of alpha iCl, suggesting the presence of carrier-mediated Cl--Na+ cotransport from interstitium to cell, contributing to the rise of alpha iCl above equilibrium. In conclusion, two carrier-mediated processes (Cl-/HCO-3 exchange and Cl--Na+ symport) located at the basolateral membrane of the proximal tubule may account for the establishment of alpha iCl values above equilibrium, at steady state. The physiologic role of these carriers is discussed in relation to proximal electrolyte absorption.